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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
matrix optical switch for micromachine having a 
good response and long service life. 
SOLUTION: The matrix optical switch consists 
of a package 32 formed of a top cover 1 la having 
a plurality of notches for forming an input port or 
an output port and a main body part 12a while 
holding the outer peripheral surface of an optical 
fiber end at a peripheral part, and a reflecting 
mechanism 16. The top cover 11a, main body 
part 12a, peripheral edge of the end of input side 
optical fibers 20a-20d, and peripheral edge of the 
end of output side optical fibers 22a-22h are 
sealed by a sealing compound 14, and thus a 
package 32 whose inside is sealed under vacuum 
is formed. 



Japan Pat nt Office is not responsibl for any 
damages caused by th use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] At least one input port which leads the laser beam bunch inputted from the 
outside to an input optical path, The alternative reflective means which is made to reflect 
or pass the laser beam bunch which spreads the aforementioned input optical path, and is 
led to an output optical path, It has the output port prepared in the termination of the 
output optical path which the laser beam bunch reflected or passed by the aforementioned 
alternative reflective means spreads, the interior of a case at least the aforementioned 
input optical path, the aforementioned alternative reflective means, and the 
aforementioned output optical path under vacuum And the matrix optical switch 
according to claim 1 characterized by preparing in the interior of the sealed case. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention starts a matrix optical 
switch and relates to the matrix optical switch especially used for a micro machine. 
[0002] 

[Description of the Prior Art] Conventionally, a reflective mirror is prepared in each of 
the crossing position of the input optical path of a multi-line, and the output optical path 
of two or more trains, the light from an input optical path is reflected by the reflective 
mirror of a crossing position with the output optical path chosen based on the control 
signal from a control section, and the matrix optical switch of composition of leading to 
the selected output optical path is known. 

[0003] For example, as shown in drawing 5 , the matrix optical switch in which the 
reflective mirror 52 which moves up and down where the degree of angle of reflection is 
maintained with an actuator 50 was formed corresponding to all the crossing positions of 
an input optical path and an output optical path is indicated by JP,5-134195,A. In this 
matrix optical switch, by being evacuated above the optical path and usually, inserting 
only the movable reflective mirror 52 (reflective mirror 52 which moves up and down to 
the actuator of the position shown with the slash in drawing 5 ) of the selected position 
into an optical path by the actuator 50, the reflective mirror 52 reflects the laser beam 
bunch which passes an input optical path, and leads it to an output optical path. 



[0004] Moreover, as shown in drawing 6 , the matrix optical switch of composition of an 
electrostatic force drawing up the flat-surface mirror 56 supported to revolve above the 
optical path by the torsion bar spring 54 of contest thin polysilicon, and evacuating it 
from an optical path is proposed by Electrostatic Micro Torsion Mirrors for an Optical 
Switch Matrix (JOURNAL OF MICROELECTROMECANICAL SYSTEMS, VOL. 5, 
N04, p231- p237, DECEMBER1 996). 

[0005] Any matrix optical switch of composition the laser beam bunch from the optical 
fiber of an input side Change into the parallel flux of light with the lens for distributor 
shaft couplings of an input side, and incidence is carried out to an input optical path. 
Reflect a laser beam bunch by the reflective mirror of the intersection position of one 
output optical path chosen from from among two or more output optical paths which 
intersect this input optical path, and it leads to an output optical path. The laser beam 
bunch which passed along this output optical path is completed with the lens for 
distributor shaft couplings of an output side by the outgoing end of an output optical path, 
and it inputs into the optical fiber of an output side. 

[0006] in recent years, the importance of the matrix optical switch used for optical micro 
machine technology is increasing by development of optical micro machine technology, 
and the optical switch for the Hikari micro machine technology shown in drawing 6 has 
been proposed 
[0007] 

[Problem(s) to be Solved by the Invention] However, the matrix optical switch used for 
optical micro machine technology has conventionally the problem that a life is short, 
compared with the matrix optical switch of composition that a response tends to become 
bad and the rate of a light reflex of a reflective mirror tends to fall since size is very 
small. 

[0008] Therefore, in this invention, a response is good, the rate of a light reflex of a 
reflective mirror cannot fall easily, and it aims at offering the long matrix optical switch 
of a life. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose 
invention according to claim 1 At least one input port which leads the laser beam bunch 
inputted from the outside to an input optical path, The alternative reflective means which 
is made to reflect or pass the laser beam bunch which spreads the aforementioned input 
optical path, and is led to an output optical path, It has the output port prepared in the 
termination of the output optical path which the laser beam bunch reflected or passed by 
the aforementioned alternative reflective means spreads, the interior of a case at least the 
aforementioned input optical path, the aforementioned alternative reflective means, and 
the aforementioned output optical path under vacuum And it is characterized by 
preparing in the interior of the sealed case. 

[0010] That is, in the matrix optical switch, the response became bad, and this invention 
persons considered as the cause which shortens a life, and discovered the following three 
factors. 

(1) Describe influence **** of the influence (3) air resistance by foreign matters, such as 
dust in the adhesion (2) atmosphere of the steam in the atmosphere, and dust, and the 
factor of (1). If the phenomenon in which the steam in the atmosphere adheres and dews 
the portion which supports a reflective mirror and a reflective mirror occurs, since it will 



be able to draw near with the surface tension of the water which the portion which 
supports a reflective mirror and a reflective mirror dewed, a reflective mirror cannot be 
driven smoothly and a response gets worse. 

[001 1] Moreover, while a reflective mirror oxidizes with the oxygen in the atmosphere, 
water, and the water that dewed, a reflective mirror oxidizes and corrodes and the rate of 
a light reflex of a reflective mirror makes it fall, oxidization and the corroded portion 
change the optical-character ability of a reflective mirror, and cause stray light 
generating. 

[0012] Since the size of a reflective mirror is very small, if a reflective mirror also 
oxidizes and corrodes a part in the matrix optical switch of a micro machine, since the 
optical property of a reflective mirror will get worse remarkably especially, it is a big 
problem. Aggravation of the optical property of this reflective mirror is also the cause 
which shortens the life of a matrix optical switch. 

[0013] Below, the factor of (2) is described. If foreign matters which float in the 
atmosphere, such as dust and dust, enter in a matrix optical switch, the optical intensity of 
the laser beam bunch which laser beam bunches while spreading an optical path are 
scattered about, and is led to an output port will decrease. It is, although it does not come 
out so much, and the generated stray light becomes the cause of entering into other output 
ports and starting a malfunction and is also afraid. 

[0014] Since the matrix optical switch for micro machines is minute and the size of dust 
or dust becomes large relatively to the size of a matrix optical switch, even if especially 
this problem is the dust and dust of a minute amount, it has big influence on the optical 
property of a matrix optical switch, and is serious. 

[0015] Moreover, a possibility of saying that it enters between the portions which support 
a reflective mirror and a reflective mirror, and the drive performance of a reflective 
mirror is worsened also has dust and dust. 

[0016] Furthermore, the factor of (3) is described. Since the matrix optical switch for 
micro machines is minute, it will receive air resistance greatly. By this air resistance, the 
load concerning a reflective mirror becomes large, a drive performance will fall, and a 
response will get worse. 

[0017] Influence from an external environment is made hard to be influenced, when the 
interior prepares an input optical path, an alternative reflective means, and an output 
optical path in the case which the vacuum sealed and an input optical path, an alternative 
reflective means, and an output optical path intercept them from an external environment 
at least in invention of the above thing to the claim 1 . 

[0018] That is, since there is no possibility that foreign matters, such as a steam in the 
atmosphere, dust, and dust, may enter in a case, a steam can oxidize and corrode the 
reflective sections (for example, reflective mirror etc.) which adhere to an alternative 
reflective means and constitute an alternative reflective means, can worsen optical- 
character ability, or can prevent adhering to an alternative reflective means and blocking 
the drive of an alternative reflective means, therefore, long in a drive performance a 
matrix optical switch being not only maintainable to the always stabilized optical 
property but good — period maintenance can be carried out 

[0019] Moreover, in a case, since the vacua is maintained, an alternative reflective means 
is not influenced of air resistance, therefore the drive performance degradation of the 
alternative reflective means by air resistance is not generated, either, but a response is 



good and serves as a long matrix optical switch of a life. 

[0020] In addition, after carrying out vacuum length of the inside of a case through the 
circulation way beforehand established in the case after sealing the inside of the method 
of assembling a matrix optical switch within a vacuum chamber, and a case, in order to 
have made the inside of the aforementioned case into the vacuum, it can carry out by the 
method of taking up a circulation way etc. 

[0021] In addition, on an input optical path, an alternative reflective means lead the laser 
beam bunch which spreads the aforementioned input optical path to an output optical 
path may arrange a reflector, may reflect a laser beam bunch, may change the 
propagation of a laser beam bunch, may lead it to an output optical path, may evacuate a 
reflector from an input optical path, may pass a laser beam bunch, and may be led to an 
output optical path, without changing the propagation of a laser beam bunch. 
Furthermore, when two or more alternative reflective meanses are established to one 
input optical path, one selected alternative reflective means reflects a laser beam bunch, 
and two or more alternative reflective meanses are controlled to lead a laser beam bunch 
to an output optical path, when other alternative reflective meanses evacuate from an 
input optical path and pass a laser beam bunch. 

[0022] Moreover, a laser beam shall be reflected so that it may be led to the output 
optical path to which the laser beam which the alternative reflective means was supported 
to revolve by the axis-of-rotation member prepared so that the propagation direction of a 
laser beam might not be intersected in the position evacuated from the optical path, and 
the aforementioned axis-of-rotation member, was established possible [ rotation ], and 
was inputted from the corresponding input optical path corresponds. In addition, it can 
prepare, or an axis-of-rotation member can be prepared so that it may become 
perpendicular so that it may become parallel to an optical path in the upper part of an 
optical path. Moreover, an axis-of-rotation member can also be prepared so that it may 
become parallel to an optical path in the position evacuated from the optical path of the 
side of an optical path, and may prepare or may become perpendicular. 
[0023] 

[Embodiments of the Invention] Hereafter, with reference to a drawing, an example of 
the gestalt of operation of this invention is explained in detail. As shown in drawing 1 , 
the matrix optical switch 10 for the micro machines of the gestalt of this operation 
consists of package 32a formed of top-cover 11a and this soma 12a, and a reflective 
mechanism 16 (in drawing 1 , it is reflective-mirror(namely, reflector of the reflective- 
mechanism 16 )-accepted, and illustrates.). In addition, package 32a is equivalent to the 
case of this invention, and the reflective mechanism 16 is equivalent to the alternative 
reflective means of this invention. 

[0024] Two or more notches for pinching the periphery side of an optical fiber edge and 
forming input port or an output port are formed in each periphery section of top-cover 
1 la which constitutes package 32a, and this soma 12a. 

[0025] Of these notches, when top-cover 1 la is laid in this soma 12a, opening is formed 
in the side of package 32a. The periphery side of an input-side optical fibers [ 20a-20d ] 
edge or the periphery side of an output side optical fibers [ 22a-22h ] edge is held by this 
opening, and the input-side optical fibers 20a-20d and the output side optical fibers 22a- 
22h, and a matrix optical switch are unified. 

[0026] In addition, the seal of the periphery edge of a top-cover 11a, this soma 12a, and 



input-side optical fibers [ 20a-20d ] edge and the periphery edge of an output side optical 
fibers [ 22a-22h ] edge is carried out by the sealing compound 14, and they have become 
sealed package 32a. 

[0027] Although the reflective mechanism 1 6 is established above two or more input 
optical paths and the optical path of all the intersection positions of two or more output 
optical paths, a reflector is arranged in the position usually evacuated from the optical 
path and a laser beam bunch is passed, if chosen by the control section which is not 
illustrated, into the optical path of a laser beam bunch, a reflector is arranged, a laser 
beam bunch is reflected, and an optical path will be changed and will be led to a 
corresponding output port. In addition, although not illustrated, a control section controls 
the optical-path change state of a matrix optical switch, and has changed the propagation 
of a laser beam bunch by choosing the reflective mechanism 1 6 of a specific position and 
arranging a reflective mirror (reflector) on an optical path. 

[0028] Thus, since the seal of the periphery edge of a top-cover 11a, this soma 12a, and 
input-side optical fibers [ 20a-20d ] edge and the periphery edge of an output side optical 
fibers [ 22a-22h ] edge is carried out by the sealing compound 14, the steam, dust, or dust 
in the atmosphere do not adhere to the reflective mechanism 16. Therefore, an always 
good response can be obtained, oxidization and corrosion of the reflector of the reflective 
mechanism 16 can be suppressed, and the life of a reflector can be prolonged. 
[0029] Moreover, since the dust or dust in the atmosphere do not enter the interior of 
package 32a, it can prevent that the laser beam bunches which spread the inside of 
package 32a are scattered about. 

[0030] In addition, the matrix optical switch 10 for these micro machines is setting the 
degree of vacuum in package 32a to 1.0x10 - 3 or more-Pa about l.OPa or less by 
assembling and sealing within the chamber made into 1.0x10 - 3 or more Pa degree of 
vacuum of about l.OPa or less at the time of an assembly. 

[0031] When the performance of a matrix optical switch with the gestalt of this operation 
was checked, the insertion loss and the extinction ratio were less than about **ldB. After 
using this matrix optical switch for about four years, when the insertion loss and the 
extinction ratio were measured again, it is less than about **ldB both, and the speed of 
response of a switch hardly changed, either. 

[0032] On the other hand, as for the conventional matrix optical switch constituted so that 
the inside of a package of the atmosphere could be gone in and out as an example of 
comparison, without sealing a package, the insertion loss of about 15dB and the 
extinction ratio was about 60dB. Furthermore, when the insertion loss and the extinction 
ratio were measured again conventionally, using the matrix optical switch of composition 
for two years, by the corrosion and overcast-ization of a reflective mirror, the insertion 
loss increased to 20dB and the extinction ratio was also falling to about 30dB. 
[0033] Moreover, at the conventional matrix optical switch, the speed of response of a 
switch has realized the speed of response to 3.3ms (300Hz) grade by the matrix optical 
switch of the gestalt of this operation [ 5ms (200Hz) grade ] of **** in a limit. 
[0034] In addition, although the matrix optical switch described above described the 
composition which prepares a notch in both top-cover 11a and this soma 12a, and is held 
across an optical fiber edge since top-cover 11a and this soma 12a are almost 
symmetrical configurations, this invention is not limited to this composition. 
[0035] For example, as shown in drawing 2 , prepare a notch with the depth [ of the same 



grade as the diameter of an optical fiber or ] longer than the diameter of an optical fiber 
only in the one side of this soma 12b, and top-cover 1 lb constituted in plate-like is laid. 
While sticking this soma 12b and an optical fiber edge sealing-compound 14, package 
a32b sealed by sticking top-cover 1 lb and the upper part field of this soma 12b and an 
optical fiber edge by the sealing compound 14 can be used. 

[0036] Moreover, as another composition, as shown in drawing 3 , larger opening a little 
than the diameter of an optical fiber is beforehand prepared in the side of this soma 12c 
formed in box-like. After carrying out the seal of the edge of an optical fiber by the 
sealing compound 14 in the state where it inserted in the aforementioned opening and 
fixing, package a32c sealed by sticking top-cover 1 lb and the opening marginal part of 
this soma 12c which were constituted in plate-like by the sealing compound 14 can be 
used. 

[0037] Furthermore, since two or more pillar-shaped members 18 support the upper 
surface and the inferior surface of tongue which is package 32d as another composition 
even if it may use package 32d which specified the input optical path and the output 
optical path by two or more pillar-shaped members 18 and makes high the degree of 
vacuum in package 32d in this case as shown in drawing 4 , it is effective in the ability to 
be able to prevent that package 32d is distorted. 

[0038] Moreover, although considered as the composition which established the 
reflective mechanism 1 6 above the optical path of a laser beam bunch in the matrix 
optical switch of drawing 1 - drawing 3 , as shown in drawing 4 , the reflective 
mechanism 16 can also be formed in the position evacuated from the input optical path 
and the optical path near the output optical path so that propagation of a laser beam bunch 
may not be influenced. 

[0039] in addition, the position evacuated from the input optical path and the optical path 
near the output optical path in drawing 4 — the axis of rotation 24 — setting up — 
preparing — rotation of this axis of rotation 24 reflection of a reflective mirror etc. a 
member 26 is arranged in an input optical path, and a laser beam bunch is reflected - 
making — leading to an output optical path ****-- reflection ~ it arranges in the position 
which evacuated the member 26 from the optical path, and the laser beam bunch is 
passed 

[0040] In addition, although the case where assemble and all the above is sealed within 
the chamber made into 1 .0x10 - 3 or more Pa degree of vacuum of about 1 .OPa or less at 
the time of an assembly is a premise For example, the tube in which the end section 
carries out opening to either a lid or a main part beforehand is prepared. After tying the 
other end of a tube to vacuum length equipment after all assemblies are completed, and 
******(j n g) of package 32a-32d through a tube, The inside of package 32a- 

32d is able to obtain a vacuous matrix optical switch also by cutting a tube and 
blockading opening of a tube edge. 
[0041] 

[Effect of the Invention] The influences of various by the steam, dust, and dust are 
suppressed, according to this invention, as explained above, a response is good and is not 
influenced of air resistance, but it is effective in the long matrix optical switch of a life 
being obtained. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the matrix optical switch of the gestalt of 
operation of this invention. 

[Drawing 2] It is the outline block diagram of the matrix optical switch of the gestalt of 
another operation of this invention. 

[Drawing 3] It is the outline block diagram of the matrix optical switch of the gestalt of 
still more nearly another operation of this invention. 

[Drawing 4] It is the outline block diagram of the matrix optical switch of the gestalt of 
still more nearly another operation of this invention. 

[Drawing 5] It is tropia explanatory drawing showing the outline of the conventional 
matrix optical switch. 

[Drawing 6] It is explanatory drawing showing another composition of the reflector of 
the conventional matrix optical switch. 
[Description of Notations] 

10 Matrix Optical Switch 

1 1 a- 1 1 c Top cover 
12a- 12c This soma 

14 Sealing Compound 
16 Reflective Mechanism 
1 8 Pillar-shaped Member 
20a-20d Input-side optical fiber 
22a-22h Output side optical fiber 
24 Axis of Rotation 
26 Reflection — Member 
32a-32d Package 
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[Drawin g 4] 




[Drawing 6] 



